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Abstract—This paper studies the feasibility of Wi-Fi and 5G
technologies in the unlicensed 60 GHz band for humanitarian
assistance and disaster relief (HA/DR) operations. Building a
wireless communications system in the 60 GHz band can benefit
HA/DR activities for two reasons: (i) no license is needed; (ii) a
wide bandwidth is available. Our simulation results show that
both of Wi-Fi and 5G can achieve data rates exceeding the
requirements for most of the HA/DR missions, which proves the
feasibility of the two wireless technologies for operation of high-
data-rate HA/DR activities such as real-time video streaming.
Index Terms—HA/DR, emergency communications, 60 GHz,
unlicensed band, 5G, Wi-Fi
I. INTRODUCTION
For public safety, it is critical to have an option to provide
and keep up communications amid and after a calamity or
crisis [1]. In the case of an emergency or natural catastrophe,
the telecommunications structure are likely to be damaged.
Thus, wireless communications for humanitarian assistance
and disaster relief (HA/DR) activities may become non-
available, which may be significant threats to the society’s
safety. Further, for modern disaster management, higher data
rates are required: examples include from video streaming
for live footage and on-time response to disaster shelters
experiencing instantaneous burst in bandwidth demand while
accommodating large numbers of victims.
The 60 GHz band (57-71 GHz) has been attracting a large
public interest ever since it was released by the Federal Com-
munications Commission (FCC) in 2016 [2]. The key benefits
that the emergency communications can take from using the
60 GHz spectrum are two-fold: (i) it is an unlicensed band
in which any wireless system is allowed to operate without
a license granted by the FCC; (ii) its historic abundance in
the bandwidth of 14 GHz enables a myriad of high-data-rate
applications for emergency communications.
The key challenge in establishing emergency communica-
tions systems in the 60 GHz band is interference among
dissimilar wireless systems. Notice that any wireless system
can operate without license in this unlicensed band. In fact,
the Wireless Fidelity (Wi-Fi) and the 5th Generation Wireless
(5G), the two most proliferating wireless technologies, already
rolled out earlier versions of unlicensed systems operating at
60 GHz.
In this context, this paper investigates the feasibilities of
5G and Wi-Fi in the 60 GHz band for HA/DR applications.
Specifically, it studies the data rates achieved by 5G and Wi-Fi
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under coexistence with each other. From extension of a recent
work [3], we focus on finding the exact number of access
points (APs) at which a sufficient data rate is achieved for
HA/DR activities.
II. RELATED WORK
Initial work had discussed the significance of the 60 GHz
band and key research challenges [4][5]. Ever since the
earliest discussions, identification of technologies and issues
for deploying next-generation short-range wireless networks
still remains as an open problem mainly due to the inter-
technology interference issues. So far, the consensus has been
focusing on three technologies: Wi-Fi, cellular (e.g., 5G), and
licensed assisted access (LAA) such as Long-Term Evolution
Unlicensed (LTE-U).
As such, one needs to precisely characterize the coex-
istence and interoperability among the dissimilar wireless
technologies. Nevertheless, only few prior studies focused
on addressing the coexistence issue. Therefore, this paper
identifies related research on cross layer has also been con-
ducted in order to further optimize the 60-GHz communication
systems. Different from interference analysis in conventional
low-frequency networks, interference in mmW bands is mainly
caused by concurrent directional communications links. It is
found that multi-hop MAC protocol based on these models
is effective to maintain high network utilization with low
overhead [6].
Also, other prior work studied coexistence of Wi-Fi and
cellular in lower-frequency bands. The coexistence of LAA-
LTE and Wi-Fi in indoor environments was studied [7]. This
experimental study performed implementation of LAA-LTE
and Wi-Fi. The findings are the facts that (i) a small bandwidth
of LAA-LTE (1.4/3/5/10MHz) causes a greater impact on the
Wi-Fi performance, and (ii) LAA-LTE signals with LAA-LTE
can trigger channel busy indication of CS/CCA in Wi-Fi. How-
ever, the paper did not provide thorough technical rationale
behind the findings. Another relevant study focused on the
coexistence between Wi-Fi and small-cell LTE [8]. A novel
network architecture for LTE/LTE-A small cells was proposed
to exploit the unlicensed spectrum already used by Wi-Fi
systems. The interference avoidance scheme was presented
to mitigate the interference between Wi-Fi and LTE/LTE-A
systems when both operating in the same unlicensed spectrum.
More technical approaches on inter-technology coexistence
were presented [9]-[10][11]. A spatio-temporal analysis on
the military radar-Wi-Fi coexistence in 3.5 GHz band was
studied [9]. Exploiting the fact that a military radar “rotates”
in a fixed revolution rate, the Wi-Fi was proposed to transmit
while a radar beam faces to the other directions. The study
measured (i) how much performance a Wi-Fi achieves and
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Fig. 1. Operation scenarios of 5G and Wi-Fi in the 60 GHz
(ii) how much interference leaks into the radar. In the same
3.5 GHz band, another study assumed Long-Term Evolution
(LTE) as the secondary system [10]. The cellular technology
based on orthogonal frequency-division multiplexing (OFDM)
adopted a larger inter-subcarrier spacing to overcome the
pulsed interference from a coexisting radar. Based on the
assumption that the 3.5-GHz coexistence requires a spectrum
access system (SAS), another relevant study analyzed the
impact of “imperfect sensing” performed at a SAS on the
performance of coexistence [11].
Distinguished from the prior work, this paper presents the
following contributions:
1) It addresses inter-technology coexistence in the 60 GHz
band. The unique communications characteristics ne-
cessitates thorough study on the coexisting wireless
systems–i.e., Wi-Fi and 5G. This paper focuses on
modeling the data rates achieved by Wi-Fi and 5G in
a number of possible scenarios.
2) It focuses on the applicability of communications in the
60 GHz to HA/DR operations.
III. SPECIFIC TECHNICAL CHALLENGES
The Wireless Broadband Alliance (WBA) is one of the orga-
nizations that are the most actively leading the discussions on
the Wi-Fi-cellular coexistence [12]. The organization identified
gaps regarding the coexistence of technologies, convergence
of services, and certification and operator guidelines. As
5G and Wi-Fi continue to shape and be shaped by each
other, WBA stakeholders will need to fast-track solutions for
items including seamless authentication; aggregated access;
multi-access edge computing (MEC)-enabled service delivery;
extreme real-time communications; network slicing; high-
speed transport use cases; roaming for non-3GPP subscription
identifiers, and keying hierarchies–all of which are explored
in more detail within the white paper.
Solving for these issues will enable a range of new use
cases, going beyond the consumer applications of the past
into new verticals like vehicle-to-vehicle (V2V) and vehicle-
to-everything (V2X), smart factories, high-density cities, and
public safety solutions. In a world where everything is smart
and connected, 5G will enable consumers, businesses, munici-
palities, and industries to unlock the power of internet of things
(IoT).
Much work remains to be done. This paper identifies key
technical challenges in achieving coexistence and interoper-
ability of Wi-Fi and 5G in the 60 GHz band. First, deployment-
related challenges can be listed as
● There is a need for recommendations to ensure that Wi-
Fi selection does not produce a bad user experience e.g.
hanging on to slow/distant service set identifiers (SSIDs)
for too long or moving to an AP that is congested or has
poor Quality of Service metrics. This is particularly the
case if auto-network selection is used in implementations
which makes it hard for the end-user to override bad
behavior.● Efficient prioritization of SSID selection in a multi-
service environment is important for monetization strate-
gies; however, current deployments are not achieving this.● In current set of devices, the entity responsible for “best
connected user experience” is split between user equip-
ment (UE) manufacturer, service provider and end-user.
The policy elements need to reflect this split and work in
conjunction with all these components.● There are no access network discovery and selection
function (ANDSF) deployments as the network elements
supporting current ANDSF standards are not available,
nor is there any support for ANDSF policies in any of
the commercial or popular operating systems (OSs) or
client platforms.
The identification of challenges goes on to application-
related considerations:
● There is no interoperability among ANDSF / Hotspot
(HS) 2.0 vendors; roaming / visiting policy is not well
defined in ANDSF; and deployment by operators owning
both cellular and Wi-Fi networks is rare.● The industry knowledge base does not have a common
understanding of the aims, methods and ways of imple-
mentation of different policy components.● Provide the best user experience given the available air
links and conditions. However, the user needs to have
the final say in influencing selection, as their “best” user
experience may involve an inferior connection over a less
costly access network (User preferred connections).● Order of connection preference should be HS 2.0, then
802.1X, then Open (assuming all are ‘public’ and not
‘remembered’).
3● Maintain stable connections (e.g. multipath transmission
control protocol (MP-TCP), LTE, Wi-Fi and seamless
hand-over).● Prevent Ping-Pong hand-over (e.g. LTE - Wi-Fi han-
dover).
Summarizing and taking a systematic point of view, the key
technical challenges in achieving the coexistence between Wi-
Fi and 5G can be summarized as follows:● Both coexisting systems have complicated traffic patterns;● Both coexisting systems are mobile;● Both coexisting systems require very high data rates–i.e.,
higher than several Gbps
IV. COEXISTENCE ANALYSIS
For analysis, this paper assumes three representative coex-
istence scenarios between Wi-Fi and 5G in the 60 GHz band
as illustrated in Fig. 1:● Scenario 1: Wi-Fi only● Scenario 2: 5G only● Scenario 3: 5G and Wi-Fi coexisting
A. Small-Scale Environment
Consider a network that is built by two pairs of transmitters
(Tx’s) and receivers (Rx’s). In each system of Wi-Fi and 5G,
every Tx is assumed to serve only one Rx. Fig. 1 illustrates
three coexistence scenarios that represent operations of 5G and
Wi-Fi technologies in the 60 GHz band.
In Scenario 1, the data rate achieved from a Wi-Fi AP to
its Rx can be written as
RW = αBW log(1 + SNRW ) (1)
where α indicates the portion of an active transaction time.
Also, BW gives the bandwidth that a Wi-Fi system utilizes,
and SNRW is the signal to noise on the recipient in this sub-
case. Note that log is with base of 2.
Scenario 2 is composed of the two pairs of transceivers are
5G. The data rate can be calculated as
R5G = BL log(1 + SINRl-to-u)+ αρBU log(1 + SNR5G,U) (2)
where SINRl-to-u is the 5G NR-U receiver’s signal to in-
terference plus noise ratio; the interference comes from the
‘licensed’ segment of the 5G system. In contrast, SNRu
regards the noise generated in the ‘unlicensed’ link of a 5G
system. B5G indicates the bandwidth of a 5G link.
Scenario 3 represents the inter-system coexistence between
Wi-Fi and 5G. The data rate achieved by Wi-Fi can be written
as
R′W = αBW log(1 + SNRW )+ (1 − α)BW log(1 + SINR5Gu-to-W) (3)
where SINR5Gu-to-W consists of interference generated by the
5G unlicensed Tx. Also, the data rate of 5G can be obtained
as
R′5G = BL log(1 + SINRl−to−u)+ (1 − α)ρBU log(1 + SINRW-to-5Gu). (4)
TABLE I
SIMULATION PARAMETERS
Parameters Values
Time fraction (α) [0,1]
Path loss model Free-space path loss [14]
Bandwidth 2.16 GHz (single channel)
Tx/Rx intensity (λW , λ5G) 10−4 m−2
Area of experiment 100 m2
Tx power on 5G AP 27 dBm
Tx power on Wi-Fi AP 27 dBm
Noise figure, NF 1.5 dB
B. Large-Scale Environment
Now, we extend our analysis to a scenario with a larger
number of nodes. For each system of Wi-Fi and 5G, the nodes
are dropped following Poisson point process (PPP) following
the intensities of λW and λ5G, respectively. For a PPP, the
probability that N nodes exist in an area A given an intensity
λ is written as [13]
P (N ∣λ) = (λ∣A∣)N
N !
e−λ∣A∣, N = 0,1,2, ...,∞ (5)
where ∣A∣ denotes the area of A.
Based on Eq. (5), the data rates achieved by Wi-Fi and
5G without coexistence in Scenarios 1 and 2, respectively, are
given by
RW = 1
f(N)BW log(1 + SNRW ) (6)
R5G = N
f(N)B5G log(1 + SINRl-to-u)+ 1
f(N)B5G log(1 + SNR5G) (7)
where f(N) is a component of transmitters density which
shows the number of transmitters N .
The data rates achieved in Wi-Fi and 5G with interference
from each other are given by
R′W = 2f(N)BW log(1 + SNRW )+ 2
f(N)BW log(1 + SINR5Gu-to-W) (8)
R′5G = N2f(N)BL log(1 + SINRl-to-u)+ 1
f(N)BU log(1 + SNR5G). (9)
V. RESULTS AND DISCUSSION
MATLAB simulations are performed in order for evaluation
of the data rates formulated in Section IV. The key parameters
are summarized in Table I.
A. Data Rate according to Time Fraction
Fig. 2 shows downlink data rates achieved in the network
settings shown in Fig. 1. Recall that α denotes a fraction of the
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Fig. 3. Download data rate according to the node density
time taken for a Tx-Rx pair of a wireless system–viz., either
Wi-Fi or 5G. The key observations are as follows:
● For both Wi-Fi and 5G, without coexistence considered,
a larger time fraction leads to a higher data rate. The
increase is slower in 5G due to the internal interference
from the ‘licensed’ segment of the system.● In contrast, when coexistence is considered, the data rate
is decreased with a larger value of time fraction. The
rationale is as follows. A larger value of time fraction
implies a longer occupancy of a certain Tx-Rx pair, which
in turn acts as a greater interference to the other Tx-Rx
pair. Therefore, the system-level downlink data rate is
decreased due to such a higher interference caused by a
larger α.
B. Data Rate according to Node Density
Fig. 3 demonstrates downlink data rates obtained according
to the number of APs. The following observations are found:
● Wi-Fi achieves higher data rates than 5G since 5G un-
dergoes the internal interference between unlicensed and
licensed segments.
5● Coexistence with the other technology (between Wi-Fi
and 5G) degrades the data rates.● A larger number of APs lowers the data rates by increas-
ing the level of bandwidth contention.
Notice that the key technical challenge in coordination of
coexistence between 5G and Wi-Fi is the dissimilarity in being
“synchronous.” Specifically, the performance degradation due
to interference can be far more severe in Wi-Fi than 5G, be-
cause a Wi-Fi system is asynchronous. Assuming a distributed
coordination function (DCF), a Wi-Fi station (STA) needs to
hold transmission of a packet until the channel becomes idle.
Even after having the channel idle, the STA needs to hold for
its assigned backoff time before transmission. The problem is
that during such a relatively long hold time, a 5G Tx could
start another transmission, which will make the channel busy
again. As such, as an asynchronous system, the Wi-Fi keeps
a handicap over the 5G. We suggest this as a direction of
modifying the Wi-Fi to better fit to coexistence with the 5G.
C. Insights on HA/DR Applications
As mentioned earlier in Section I, the data rate acts as
the key performance indicator in delivering mission-critical
information and data during a HA/DR activity. For example,
a rescue of victims isolated in a disaster area would require
a certain level of data rate to support real-time duplex video
communications. For emergency communications applied in
such HA/DR scenarios, one expects high reliability, high
availability, and low latency. For the three performance re-
quirements, it is known that a minimum data rate of 10 Mbps
for both uplink and downlink is needed [9][10].
Figs. 2 and 3 suggest that despite the coexistence with
each other, both Wi-Fi and 5G technologies are capable of
achieving higher data rates than the aforementioned required
data rate. It implies that both technologies are feasible for
HA/DR missions.
VI. CONCLUSION AND FUTURE WORK
This paper investigated the feasibility of Wi-Fi and 5G
technologies at 60 GHz for HA/DR applications. Establish-
ment of an emergency communications system in the 60 GHz
spectrum can bring a huge benefit in stable management of
HA/DR activities for two reasons: (i) no license nor paid
subscription is needed, which enables higher availability; (ii) a
very large bandwidth is available, which significantly increases
the reliability and reduces latency. Our simulation results show
that both of Wi-Fi and 5G can achieve data rates ranging from
a few to tens of Gbps, which exceed the requirements for most
of the HA/DR missions. As such, it proves that both wireless
technologies at 60 GHz have a potential to fulfill high-data-
rate HA/DR missions such as real-time video streaming.
As future work, we seek to make the system model more
realistic. It will figure out an exact amount of degradation
in the data rate, which will consequently suggest practical
HA/DR deployment scenarios.
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